Stiffness reduction caused by matrix crack in cross-ply laminates of CFRP, GFRP,KFRP can be predicted well by a shear-lag model assuming a constant of the crack open displacement index. Due to the existence of the saturation crack state (CDS) , stiffness reduction has a low boundary, the minimum normalized longitudinal stiffness of the cracked plies is 0.3 instead of oused in current lamination theory on the behaviour prediction after FPF.
Introduction
Matrix cracking is a common damage failure mode of fibrous laminated composites [1] [2] [3] [4] [5] [6] [7] .
The main feature of its growth is it'll form a final regular cracking state (Characteristic Damage State) which can be predicted by the' shear-lag analysis [1] [2] . Because the laminate stiffness is a global parameter and it can be measured in test nondestructively, the stiffness reduction caused by matrix crack is often used as a compared parameter to experimental result by many analytical methods either the simple shear-lag analysis or other complex solutions. However, most of the current analysis methods such as Classic Lamination Theory etc. used in engineering employ macroscopic mechanics methods which don't concern with the failure details to give the predictions of engineering properties . So our aim is to predict the macroscopic .properties by means of studying the microscopic state of matrix crack. There are many factors that affect the matrix cracking, such as ply thickness, properties of the adjacent plies, initial defects and stacking sequence etc. This paper is an attemp to find some constants so as to master the rule of matrix cracking.
Analysis and Verification
Shear-lag model is often employed to analyze the matrix cracking and fiber fracture etc. of composite laminate [2] [3] [4] [5] [6] [7] . It's satisfied with total effective equibrium equations and main boundary conditions to describe the approximate stress and strain fields of the cracked laminate. Analysis results from shear-lag model approach the results from finite element model , especially some average parameters, for instance , average stress , stiffness-damage relation. Consider a cross-ply laminate [On / 90 m]s with matrix cracks within central 90°plies, the ratio of longitudinal moduli of the laminates with and without matrix cracks is [6] Ex _ ( E n t 90 2D
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Because s is a constant, the ratio of longitudinal moduli of the cracked 90°will have a low boundary value. This value seems to be independent of the material property and layup of the laminate, especially the constraining effect of the adjacent plies. From eq. (1) we know that the longitudinal Young's modulus of the laminate with matrix crack also has a low limit, this value is
It means the final stiffness reduction of the laminate only depends on layup and material of the laminate and is independent of the growth process of matrix cracks. We mention that ex is the shape index of the crack open displacement, for [On/90m]S laminate, it varies from 0 to 2 in different shear-lag models [2] [3] [4] [5] [6] [7] and reflects the assumed displacement function of the cracked 90°plies. Hence , it can be used as a global parameter to characterize matrix crack effect, if we assume ex = 1.1 ; eqs. ( 1 ) and ( 2 ) give good prediction on stiffness. reduction caused by matrix cracking in CFRP laminates [ 6 ] . Figs laminates, but Daniel's model cannot [5] . Although the shear-lag model is in a simple form, it's applicable to many laminates of different materials by assuming a constant of the shape index of the crack open displacement. In figs. 2 and 3 we draw the low boundary of the stiffness reduction of the laminate, we notice that the experimental value of stiffness reduction doesn't exceed this boundary. In most of current lamination theories, some of the ply stiffness properties are set to zero in the property prediction of the laminate after FPF [8] , here we point out that at least in tension failure, the stiffness property of the cracked ply has a low limit because the cracked ply can still bear loading and has the saturation cracking state. 
